The processes that drive the microbial carbon pump (MCP) in the ocean have yet to be fully characterized. Among the topics that are central to addressing this deficit are tracing the microbial production of biorefractory dissolved organic matter (DOM) by the MCP, and resolving how the chemical composition and structure of DOM changes as a result. A fraction of DOM absorbs ultraviolet (UV) and visible light, while a specific subset of this subsequently exhibits a natural fluorescence. These spectroscopic properties can be used as markers for the turnover of different DOM fractions in the ocean. Recent research has linked the UV-visible characteristics of DOM to its chemical structure, carbon content, and photochemical and microbial reactivity. In addition, widespread measurements of DOM optical properties in the ocean indicate that they can be used to trace the humification processes that lead to the production of part of the biorefractory DOM pool. These measurements are suited to being carried out using in situ or remote platforms in the ocean and can provide high-resolution temporal and spatial DOM data. In conjunction with other techniques, this will pave the way for new insights into the possible role of the MCP in the global carbon cycle.
The light absorbing and fluorescent fractions of DOM are referred to as colored or chromophoric DOM (CDOM) and fluorescent DOM (FDOM) (Fig. 1A) . For several decades, absorption and fluorescence properties of DOM have been used to follow the spatial and temporal distribution of the bulk DOM, tracing specific humic-and protein-like fluorophores (1) and characterizing the aromaticity and relative molecular weight of DOM through optical indices derived from their spectra (2) (3) (4) . Current research in the field is a convergence of four main interests: (i) tracing water mass mixing in estuarine, coastal and continental shelf waters; (ii) quantifying underwater ultraviolet and visible light penetration; (iii) resolving remote sensing of ocean color; and (iv) studying the impact of microbial and photochemical processes on the chemical structure of DOM. The major advantage of using the UV and visible spectroscopic properties of DOM is that it requires very small sample volumes and minimal preparation before analysis. Moreover, the high sensitivity of the current spectrofluorometers allows estimation of the turnover of specific DOM subfractions during both short-and long-term incubation experiments designed to test the susceptibility of DOM to photochemical and/or microbial degradation (3, 5, 6) . The major pitfall of this approach is that the actual compounds and processes responsible for the measured absorption and fluorescence remain poorly characterized. Resolving this presents a considerable analytical and experimental research challenge, which can in part be addressed by coupling of absorption and fluorescence measurements to molecular level characterization using mass spectrometry. In spite of this limitation, CDOM and FDOM measurements are currently being used as markers of different DOM fractions and to shed light on DOM production, turnover, and fate in the ocean and how this might impact the role of the MCP in the ocean carbon cycle (7) (Fig. 1B) .
In surface waters, autotrophic and heterotrophic activity and photochemical degradation largely control the molecular characteristics and distribution of DOM (for now putting aside the effects of the mixing of waters of different origins). This is reflected in FDOM and CDOM profiles ( Fig. 2 ) that show sharp changes in concentration and character depending on the balance of dominating processes (biological production, and combined photochemical and microbial transformation and removal). At the ocean surface, ultraviolet light penetrates and acts to either directly decompose to colorless the organic compounds, CO, and CO 2 , or to alter the remaining DOM, influencing its chemical composition and availability to microbes (8) (9) (10) . This is evident from ocean profiles of CDOM and FDOM (11, 12) , but often not as clear when using other bulk DOM measurements such as dissolved organic carbon (DOC). The effects of photodegradation diminish rapidly with increasing depth as the high-energy wavelengths are attenuated. Away from the immediate surface, photic and aphotic microbial processing dominate, with subsurface maxima in absorption and protein-like fluorescence of CDOM often found in association with the productive plankton biomass (Fig. 2) .
In the dark ocean, DOM is continually modified by microbes and the effect of the MCP on DOM optical characteristics becomes more apparent. Entrainment of DOM produced in the photic zone through seasonal vertical mixing (13) and the constant supply of organic matter from sinking particles (14) drives much of this activity, although the latter most likely dominates. The net result is an increase in the humic character of CDOM and FDOM, measured as a relative increase in longer wavelength absorption and humic-like fluorescence signals (Fig. 2) . Although not entirely the same, this parallels the humification process that occurs in soils (Fig. 1B) , but with alternate precursor material. The increases observed in CDOM and FDOM in the meso-and bathypelagic ocean are correlated to apparent oxygen utilization (AOU) and nutrient remineralization (11, 12, (15) (16) (17) (18) . These trends reveal the MCP in action, representing the gradual accumulation of a persistent DOM fraction that is directly linked to heterotrophic activity, with the humic CDOM/FDOM essentially representing biologically refractory metabolites. Data supporting this trend have recently been collected in all the major oceans (12, 16, 18) . High-resolution measurements using in situ instruments are revealing that the techniques are sensitive enough to indicate differences in the ratio of humic fluorescence production to AOU for individual intermediate and bottom water masses. Additionally, detailed spectral characterization has shown that this humic fluorescence signal is actually composed of two independent fractions which accumulate at different rates in the deep ocean.
Armed with expanding global datasets and with the dark ocean as an incubator, the research community is gradually resolving the UV-visible spectroscopic signature of refractory DOM produced by the MCP. The combination of long ocean-mixing time scales, the absence of photochemistry, and the limited input of labile DOM makes the dark ocean an ideal environment for further studies in this area. Additional widespread sampling, experimentation, and methodological refinements linking UV-visible spectroscopic character of DOM to molecular level characterization (19) and carbon content (20) stand to pave the way for enhancing the utility of these optical measurements. In conjunction with the technological advances in optical instrumentation, this will lead to the development of improved in situ instruments measuring fluorescence or absorption at specific wavelengths or spectral bands with high spatial and temporal resolution, and designed to be routinely deployed on moorings, gliders, and profiling instrumentation. 
